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SUMMARY 



An analytical study has "been made of the influence 
of full-span slotted and Fowler flaps on the require- 
ments for horizontal tail surfaces. The individual 
and combined effect of changes in tail area and aspect 
ratio have teen considered. 

Elevator deflection required to land at three- 
point attitude, elevator deflection required to stall the 
airplane at altitude, and permissible c ent er-of -gravity 
range have been calculated for a fighter-type airplane 
and the results are presented in tabular form. 

The results show that a moderate increase in tail 
volume will satisfy the demands of flaps (such as the 
slotted type) which give moderate lift and pitching- 
moment increments, but when a large permissible center- 
of-gravity range is desired with these flaps or if flaps 
which give large lift and pitching-moment increments 
(such as the Fowler flap) are used, the provision of 
an adjustable stabilizer is mandatory if abnormally 
large tail surfaces are to be avoided. 



INTRODUCTION 



At the request of the Bureau of Aeronautics,, Navy 
Department , an analytical study has been made of the 
influence of full-span flaps on the requirements for 
horizontal tail surfaces. The basic dimensions of a 
typical fighter-type airplane were used as a basis for 
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calculating the effedts of variations in tail length, 
tail area, and tail aspect ratio on the longitudinal 
characteristics obtained with full-span slotted and 
Fowler flaps. 



The calculations are "based on the method outlined 
in reference 1. It was possible, when reference 2 "be- 
came available, to extend the method of reference 1 
to the calculation of elevator deflections required 
for landing. 

The dimensions of the airplane on which the calcu- 
lations are "based are listed in table I. Also listed 
are the dimensions of the tail modifications investi- 
gated with the various flap arrangements. 

The characteristics of the flaps were taken from 
references 3 and 4 for a 0.25-chord slotted flap and 
a 0.25-chord Fowler flap, respectively. The maximum 
deflection of both flaps was assumed to be 40°. 

The angle of incidence of the stabilizer was 
assumed to be 0° except in the case of the unmodified 
airplane with the flaps retracted, where the original 
setting of li° was used. Changes in tail length 
were obtained by charging the distance from the quarter- 
chord point of the wing root, rather than from the center 
of gravity, in order to fix the reference point. 



METHOD OF CALCULATION 



DEFINITION OF SYMBOLS 



d8 e / da 



rate of change of elevator angle with angle 
of attack 



x 



distance from root quarter-chord point to 

elevator hinge line, measured parallel to 
thrust line 



St 



total hor izontal- tail area 




aspect ratio of tail 



b^, tail span 

6 G elevator angle, positive when trailing edge 

is below neutral position 

6 elevator angle required to stall the airplane 

sto.Il at altitude 

Se l^nd elevator angle required to land at three- 
' n point attitude 

ij. angle of incidence of stabilizer relative 

to thrust line, positive when leading edge 
is higher than trailing edge 

4.^1-, maximum wing lift coefficient at which tail 
8 a stalling occurs 

c g root wing chord 

RESULTS AND DISCUSSION 



The results of the calculations are listed in table 
II. The data for each configuration are divided into 
four vertical groupings as follows: 

1. Line drawing of airplane together with basic 

dimensions 

2. Stability and control characteristics with 

flaps retracted 

3. Stability and control characteristics with 

slotted flap 

4. Stability and control characteristics with 

Fowler flap 

The stability and control characteristics are 
presented for the limiting center-of -gravity positions 
as, determined by the values of these characteristics 
necessary for acceptable flying qualities. The hori- 
zontal rows of the table present' data for the 
following center-of -gravity positions: 
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1. Most rearward c enter-of -gravity position 
allowable to maintain passable longitudinal stability 
with flaps up (A value of d6 e /da of 0.18 was taken 
as a minimum limit.) 

2. An arbitrarily fixed center of gravity at 28.5 
percent mean aerodynamic chord to provide a ready com- 
parison of the effectiveness of the various changes 

3. The most forward center of gravity as limited 
by the power, of a 30° elevator deflection to maintain 
three-point attitude during landing with the stabilizer 
fixed at zero incidence. 

4. The most forv/ard center of gravity as limited 
by item 3 if the stabilizer were adjustable to a -5° 
incidence for landing 

The elevator angles listed in table II for the 
landing condition frequently exceed -30°. These angles 
were computed on the assumption that the elevator effec- 
tiveness was constant over an unlimited range of deflec- 
tion. Although this assumption is obviously incorrect 
for large deflections, the angles shown indicate where and 
by how much the elevator requirement is exceeded. 

The tabulated data may be summarized as follows: 

1. The critical elevator requirement in every 
case is the deflection necessary to maintain three- 
point attitude in landing. 

2. The principal effect of increased effective 
tail volume is to permit a more rearward position of 
the center of gravity (without instability when flaps 
are retracted), thus decreasing the elevator deflection 
required for three-point landing. 

3. Satisfactory characteristics with the full-span 
slotted flap would exist within the following limits of 
cent er-of -gravi ty positions: 
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[The tail-volume ratio is the ratio of the tail 
volume to that of the original airplane] 



ON 
fC, 



Configuration 
(See t a o 1 e II.) 



Cent er-of-gravity range for satis- 
factory stability and control, 





percent M.A.C. 




Tail- 


Tail 




-5° adjustable 




volume 


aspect 


Fixed stabilizer 


stabilizer 




ratio 


rat io 




A 


1.0 


3. 81 


Hone 


25.7 - 28.5 


B' 


1.0 


5.0 


30. 1 - 30. 1 


24.0 - 30.1 


C 


1.25 


3. 81 


29.1 - 31.0 


23.2 - 31.0 


D 


1.19 


5.0 


23.5 - 32.5 


22.9 - 32.5 


E 


1.25 


3.81 


30.3 - 31.3 


24.1 - 31.3 


F 


lo25 


5.0 


29.4 - 33.5 


22.2 - 33.5 


G- 


1.56 


3.81 


23.5 - 35.0 


21.1 - 35.0 


' H 


1,49 


5.0 


23.5 - 36.5 


19.4 - 36.5 




4. Satisfactory characteristic 


s with the full- 


span Fowler flap 


would exist within 


the following 


cent er-of - 


gravity 


limits: 




Configuration 


Center-of -gravi ty range for satis- 


(See table 


II.) 


factory stability 


and control, ■ 








percent M.A.C. 




Tail- 


Tail 








volume 


aspect 


Fixed stabilizer 


-5° adjustable 




ratio 


rat i o 




stabilizer 


A 


1.0 


3.81 


None 


None 


B 


1.0 


5.0 


- do - 


30.1 - 30.1 


C 


1.25 


3.81 


- do -» 


29.2 - 31.0 


D 


1.19 


5.0 


- do - 


27.5 - 32.5 


E 


1.25 


3.81 


- do - 


29.8 - 31.3 


r 


1.25' 


5.0 


- do - 


27.5 - 33.5 


Or 


1.56 


3.81 


3 3 o 9 *" 35*0 


26.6 - 35.0 


H 


1.49 


5.0 


32.2 - 36.5 


24.7 - 36.5 
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5. Tail stalling will occur at fairly low speeds 
when flaps are fully deflected with the stabilizer ad- 
justed to maximum negative incidence. The adjustable 
stabilizer, however, is necessary only to permit the 
three-point attitude during landing; the airplane can 
be stalled at altitude, flaps extended, with reasonable 
elevator deflection, and without tail stalling with 
tho stabilizer neutral. 

The present study wjis chiefly concerned with the 
requirements of horizontal-tail size and tail length 
for pro vid ing ' suf f ic ient control power and stability. 
The aerodynamic balance required of the control surfaces 
for satisfactory control forces is obviously increased 
over that required of the unmodified airplane, partic- 
ularly for the maneuvering condition of flight with the 
large tail areas shown. 

As a matter of interest, the maximum lift coeffi- 
cients obtainable with the various tail configurations 
were calculated by the method of reference 5 and cor- 
rected for the tail load required at the most forward 
allowable cent er-of -gravity positions. The ground effect, 
which unpublished data indicate may cause a reduction 
in maximum lift coefficient, has been neglected in these 
calculations. The results are presented in the follow- 



ing table: 



Configuration 
(See table II.) 


Maximum lift 


coefficient 


Fixed 
stabilizer 


Adjustable 
stabilizer 


Air- 
plane 


Tai 1- 
volume 
rat i o 


Tail 
aspect 
rat i o 


Slotted 
flap 


Fowler 
flap 


Slotted 
flap 


Fowler 
f 1 ap 


A 


1.0 


3.81 






2. 52 




E 


1.0 


5.0 


2.55 




2.48 


2. 83 


C 


1.25 


3.81 


2. 54 




2.48 


2. 82 


D 


1.19 


5 . 0 


2.53 




2.47 


2. 80 


E 


-1.25 


3.81 


2. 56 




2.50 


2.86 


F 


1.25 


5.0 


2. 56 




2.49 


2. 86 


G 


1. 56 


3.81 


2. 55 


2.90 


2.48 


2.83 


H 


1.49 


5.0 


2. 55 


2.89 


2.47 


2.81 



CONCLUSIONS 



On the "basis of this study it may he concluded 
that the use of full-span flaps greatly increases the 
demands made on the horizontal tail. With, flap types 
giving moderate lift and pitch ing-moment increments 
(such as the slotted flap) it appears practicable to 
take care of the increased tail requirements simply 
by an increase in tail volume over that conventionally 
used. With full-span flaps giving large lift and 
pitching-moment increments (such as Fowler flaps) or 
with flap types giving moderate lift and pitching- 
moment increments when large permissible center-of- 
gravity variations are desired, the provisions of an 
adjustable stabilizer appears mandatory unless tail 
volumes far greater than those normally required are 
us ed. 
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TABLE I 

DIMENSIONS OF AIHPLANE USED IN CALCULATIONS 



Corf igo rr t ion 
change 


Original 
airplane 






St original 
A t = 5.0 


l. ; 25bt 
A t = 5.0 


Wing area, sq ft 


260.G 










Wing span, ft 


33.0 










Wing aspect ratio 


5.56 










Wing taper ratio 


1.67 










Wing incidence, deg 


0 










Wing airfoil section 


I7ACA 230 
series 










Win r ™ root chord, 












c s , ft 
Wing M.A.C., ft 












7.01 










Total horizontal- 












tail area, S+ , sc. ft 49. Q5 


6l.l 




■> * ^> 




Elevator rrea bach of 












hi nre line, so ft 


IS. 62 






is. 62 


2° 

t_ .... fl L_. 


Elevator balance area, 












sq it 


>+.S6 


6.2 






^ • — 


Tail span, bt, ft 


13.67 


15.23 






17.1 


Tail aspect ratio, At 


3. si 


• OJ. 








Stabilizer incidence 












relative to thrust 












line, i^., deg 


1.5 


0 


0 


0 


0 


Length of fuselage, ft 


25. s 




30.3 






KaxUruia fuselage 












width, ft 


4.6 ■ 




4.6 






c g /4 to nose of 












fuselage, ft 


6.2 




6.2 






Cc./h to elev: tor 












hinge line, x, ft 


17.9 




22.4 






c s /4 to propeller 












plane , ft 


7.0 




7.0 






propeller diameter, ft 


3. 75 










Weight, full load 












fighter, lb 


7063 
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